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(54) OXIDE IONIC CONDUCTOR AND USE THEREOF 
(57)Abstract 

PROBLEM TO BE SOLVED: To obtain an oxide ionic conductor having high heat resistance, scarcely being 
influenced by an oxygen partial pressure and capable of manifesting high oxide ionic (mixed) conductivity by 
providing a composition in which a part of the site A in a rare earth gallate-based oxide represented by AB03 
of a perovskite type structure is replaced with an alkaline earth metaf arid a part of the site B therein is 
r placed with a nontransition metal such as Mg. 

SOLUTION: This oxide ionic conductor is represented by the general formula: Ln1-xAxGa1-y-zB1yB2z03 {Ln is 
one more kinds of La, Ce, Pr, Nd and Sm; A is one or more kinds of Sr, Ca and Ba; B1 is one or more kinds of 
Mg, Al and In; B2 is one or more kinds of Co, Fe, Ni and Cu; (x) is 0.05-0.3; (y) is 0-0.29; (z) is 0.01-0.3; KyWz)] 
is 0.025-0.3}. The oxide ionic conductor is useful as an electrolyte for a solid oxide type fuel cell, a gas sensor 
such as an oxygen sensor and an oxygen separation membrane for an electrochemical type oxygen pump. 
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( 2 ) 

1 

im&mi) -jK5£:Ln,., A, Ga,.,-, Bl, B2, O 

Ln = La, Ce, Pr, Nd, Sin<2 HfeL<«2iJ^l ; A = 
Sr> Ca, BaCO 1 Mb h < \Z 2 ; Bl = Mg, Al, InCO 

1 St b < 2 mU± ; B2 = Co, Fe, Ni, C u CD 1 *I t> L 
< H2i^i ; x = 0. 05-0. 3 ;y = O-0.29;z=0. 
0 1 ~0. 3 ; y + z - 0. 025-0. 3 . 

[»*^2] y^O.025 , z^0.15T&£, «E<b»-f. 

[11*313] z>0.15T&£, t^~^t>l^ei 

[lf*^4] Ln^La&cktf/S fcteNd, A=Sr, Bl = 
Mg, B2 = Co, x=0. 10-0.25, y = O-0.17, z=0.02 
-0.15, y + z =0. 10-0. 25T&£, tft*^ 1 SBtt<Z)ffi 

[»#JE5] Ln = La, A = Sr, Bl=Mg, B2 = Fe, x = 
0.1—0.3", y= 0.025 — 0.29, z=0.01-0.15, y + 

z= 0.035-0.3 -e&&, if 2 mmomit^^ 
fcm&. 20 

[3S#£6] x=0. 15-0.25, y= 0.09- 0.24 , z = 
0.01-0.05, y + z =0. 10-0. IS*^5iH« 

mm. 

[§tt*ig9] m#m2, 4, s & fc\$ 6 mm omit® 

<t>g*W6fi:5«*Rt, If *3I 3 fZifc(7>&{b#l 30 

nnm. 

[§lt*^10] (l) Nit, (2) — «j£ : Ce, -. C. O, 
(5t*, CteStn, Gd, JitfCa© 1 it L < « 2 *IJ^ 

±£lc*L, m = 0.05-0. 4) T^^n^fb^^t^ 
SflSf4«£*Afc, §lt*3i 7 - 9 <ZH>-r*u&> 1 ElcfB* 

H*^2, 4, 5 3=fctt6ffi«©BKt 

[19*3112] §i*^2, 4, 5 £fcH6 |E«0>Htft 40 
^<^>>fc^#:^6^^^M^fb^WR^^>^ffi^^^ 
K1&. 

3] W#JH3E«©»<btt-f:*>fc»tta> 
[ 0 0 0 1 ] 



11-335164 
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[ 0 0 0 2 ] 

> (o 1 ) <d&wj\z& o mm.fcmft&^'tmikm'f 

ID ttftttttl (SOFC) ^^i:>it-^co^rx 

[ooo3] wutto-(*>mmft<Dtt&m\** mitzsji 

3 - A (ZrO: ) ld'>S(Z>CaO, MgO.YiO,, Gd,0 3 

[ 0 0 0 4 ] <fr<Dfctb. Ttt. v^Ua" 

7 (&$) -fe>-tJ--tbT, «»SS:tti;a6<!:-r5S^ © 

it) Slffl(C/E<fiJffl$tlT^S. ^^^CDlOOOt: 

Hfr^Tf^id-r^s^^ib^^^^mHii (sofc) tct>m^ 
-TC7)< ^->fc^sn, looorr^io ' S/cm 

^, 500 TCTMilO' 4 S/cm tC{g:T-r^©T, ftfflia^** 

to o o 53 &i£ikv )vzi itm<#n\zM^mitm 
^ *>fcm&&^?*? )\sGmmikVo£VT, bi ? o 3 \z 

Y,0, *H«S-B-fcBi,0 a ^KIt«A**S. £ £>S£<b#m 

mtm< *>femfkiz#if;izm^h<D<D* mmu^^nh 
o tiitiuct^^iiii^^+5}Tfea fl -?-©±. 

[ 0 0 0 6 ] *<Dm<Dft9)V&M8titfa'f*>{Rm»<0 

ce0 i &§HfcWttft;£{b ^ y^m<mik^}^ *>fc 

mVk&^-fb&O), WLmftEE&lQ' 11 

<hCe 4 -Ce 3 co^bfc J: 0 nlOSfttMfi^i 



( 3 ) 

3 

[ 0 0 0 7 ] **)lEMSUl<Dl&&mfc&£Zm4kVrt 
t>fi8#il/T, PbW0«, LaAlO, , CaTiO, 7^£Jt>tlT 

[ 0 0 0 8] 

s^bv^na-^ ct D«*b«*r =*->££tt<z>K^K*b*» 

6 fritz. 

[ 0 0 0 9 ] * 36 911*, ft^fk>?JHi-7ct DfcUKfb 
[0010] 

[^^^^^-r^fc^^#^] *%wm*>\*. ± sags is 

ii^lDABO, (it*, Attllt)L<ll2l£(i©7 
>^y^H^$±S^I. BteGa) TiK$*l*:fc±8i# 
h^&lbttfc&HT, aW h ©^±^^JHW-gB 

<t* Kti»{b*<^>e»tt€:^-r»»^»'&nsc:t 30 

^r^ttSL^io ^Tfe, La,. ,Sr,. ,Ga 0 . iMgo. i0, *C^$tl 

use <b«K t>fi»tt**ifc. 

[0011] 0.1 I(Oj^^(7)^^fe^ft^t*© 

7 frt>tifr& & o £, La,. . Sr. . f Ga t . ■ Ngi . :0 3 te, «3fe 
©ft*«&££{b5^U3~7;e&*Y,0,^^bvJl'3 - 

ttai*+#T*s±, 3S7c*fflatci5^fc«>, mitwf 40 

[00 1 2] *fEiPi#SI*a &fc«Mb«J-Y t>fi*tt!&« 

si, K{b%<^>f5«i4**$6(cip]±L, flija-cfeK 
^K{b*-r^->e*ttS:^-rci:£^ffib, *fg^tcfij 

[0013] C £ IC, * IS TfZ-ft3;5£T^£*l3 
Ln,., A, Ga,-,-, Bl, B2, O, • • * <D 50 



1 1 - 3 3 5 1 6 4 

4 

CDiS*, Ln = La, Cc, Pr. Nd, Sm<D 1 H L < 2 flUA 
± ; A = Sr, Ca. BaO 1 1 1> L < ^ 2 1^1 ; BI=Mg t 
Al, In©lifel<tt2l^± ;B2 = Co, Fe, Ni, CuGD 
llfcl/<tt2 @UA± ; x = 0. 05-0.3 ; y = 0 - 0. 2 
9 ; z = 0. 01-0. 3 ; y 4 z : = 0. 025-0. 3 . 

[0014] *$£bm\z&^t, mitmi*>fcmfc\ 

>g*tt^t&ae)S^*©K-fb«-f 

Ttt&fb«<*>fc«it£^-r»»£LT. mtm<* 

[0 0 l 5] «ftfc*Stt©:*:g&#£lg{b4»-r *>fc*gf£ 

(«Sfc«tttc£a&S«{bW^*>e»tt<D#J£) (i# 
i;L<&0.7 J^±T&0* J; 0£?£L< (i0.9 ^JiT^ 

*ft*tt«F*L<(4 0.1-0.7 , £D#£L<te 0.2-0. 
6 T&3„ 

[0 0 16] *»l«tcj;ntf*fc, ±&<DWtittil<f*> 
e»fr*««IS*fcfi«5^filfcffifflUfc0flcK<b^S«S 

[0017] 

[fs^cDnsscDBin ±aa<x>iCT^$n4*«^oKfb 

ABO, Tr^^n^^Dy^^^ hi^^WAIt^ h$ 
-LIE — $i$?HniC^<h AlWfife, © B -fr -f h £ JS 

*3, BlJi£^te**< Tt> «fcH. 

[0 0 18] #3fcti 3 5 A, Bffi-tf-f HOD 

-£&£2<ffi&J^ (WAtf, A-y-f h ^^J6S±fSAIE 
Bit-f h ^t&^SBlOOMg) (B-y-Y 

C<Z)K*S7L(-<fcf3«{b«-f ^>e«tt^iltl5. 

t «w J^ct 5 . 

[0019] IP^, (D^TiJliIflc^3tS6J;^ 

So mu, m*sn(omtmmm^ (a, bk b2> 

So 

[ 0 0 2 0 ] ±(D0^tC43^T, Ln(4^>^ /-f 



( 4 ) 

5 

mikfo'C*>fcmm** j ^ ^ * nv-v (uca 
oj^i^Mii, cnfcr;u* u±«^s (a) , 
^a»^8 (BD , ^^tx^^^n (B2) (Dsmm, £ 
fciarju* u±8$jr (a) &£zfm&&m <B2) <D2 

m^<D]M^- & F-TXit, 5tc^ (Ln+ A +Ga + Bl +B 
2) Sfcli4 7C* <Ln+A+Ga + B2) OS^Ukftr* 

[00 2 1] Ln + A + Ga+B1CQ4 7C^ii£^b^ (*£-CD 10 
ft^#m±fELa fl . . Sr. . » Ga. . , Hg, . , 0, ) fc* glltC^b 

JIB 4 7C%VLG»<tyit ^ o □ ^^ej tc^ntf, 

[ 0 0 2 2 ] H 2 (C. La„. . Sr.. ,Ga. . . Ng. . i0, 4 
7C^«£ie{Ltt<0Mg©--ffi$iI#&« (0 2 cD-flS:*-? 20 

<^>fe^^ (Ln^La, A**Sr, BlJ&*Mg, B27^MHC^) 

[ 0 0 2 3 ] £0)fElfc e*3^S«fc ^ fC, B2J^^ ( 0 2 CO 
-ftjtTMaM) tfCoSfcteFeTfcSi, <h* © & ft T t> # 

4U±. *3630 riUT) ■7fiitt©iT^t^fc«», <ft 

fc<&. B2£C (M) T^NiflDW^fCli, titttdf&0.9 &± 30 

(tgftift840 raT)tC^^T^^14^>tt^4 7C^^^ 
B£*tto©£&tt£j@*.S«k5K:ftS. B2Igi^**Cucp®£ 
fC ti, tttNlTPttl.l £Jl± (j&ft»630 TC^T) KiSI^T 
fS*tt***ffia 4 7C^«^K<t#l<De^ffiS:SAS* -5 (C 

/AO, ftgt^t^c, cnj: oiaft^TA^-r fee 

ct 5 K & a . 

[ 0 0 2 4 ] fifoT, B21S^^Ni^CuO«^(C(i, Jtft 
«fia«TKfb!»-f 5T>e»*^ LTftffl-TSC 40 
SlU. fiL, 0 2 (C*3^Tit*SEO*t*i:Lfc^fla45c 
<La,.,Sr,.,Ga,.,Mg.. l O,) tt, 0 1 tw^ 
Ufc<fc5fc- MM** 1.0 ZMKZ&Umrb&feiti;^ 

[ 0 0 2 5 ] :ni;Mi/, B2is^<oa^^ja^Mnr** 

cfc Ofe^^^fS< , I W±<OiSiaffl!JT i! b^^4 50 
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LTit »p,4 7c*a$K{b*(ctt;^fcewttoiPi-t^ 

tfe — g|5<OSftt?t#'&nS, Co, Fe, Ni, Cu*>S 
m/ufz 1 ffifc b < t* 2 «£*-t 5. 
[ 0 0 2 6 ] *1f>f hfciltSH-^fif, BP£, A1* 

htc^tt^ A^^coM^tb (x). ifcttB-y--r htc 

SmSBlia^H^J^tO^frlSl^Jt (y + z) **±|E(0 

[ 0 0 2 7 ] S3li, AJgl^ (Sr) © m £ £ & \ b £ it ft 
«£©£aJH4£jKL, AJgC^CDJgC^tt (x) ^0. 05 — 0. 
3( = Ln/I^OH^it^ 0.7-0.95) ©«Bffl&^tl.S t , 

[ 0 0 2 8 ] 04(a) tt, BtlH^ + B2fg^CO^fi-^ : F-tt 
(y + z • fi U y : z =11. 5 : 8. 5) ^^^b $ itfcm^<0 

Bm&ZK-t. z<D&mm&X2 <uz>iz-Dnxfc&& 
wmA-rz>. i^i, 04(b) tc^-r ^ ^ tc y + z cofit 
^Hin-rsi-f ^->*^<oiftT7&*B8e>?»n, o.3( = cao 

m=?#,1fi 0.7) *i8^St-f ^>«ft**«0. 7 ^Tlel^.t 

[ 0 0 2 9 ] Blt< hC02@^(O H-^J^^COf>^B2^ 
^(c^^rtt, 0 5 \zrn-? J: 5 tc, B2J0§C^(Co)Q/H^Jt 

yfcm&vm^ {^*>mm #ftT-rs. 

[ 0 0 3 0] 0 5 frZtifrZ J: -5 zft^o.lS^TcO 
tii5<. M^bfc^^(D^^b^-r^->^S^<hUT^tE 

t {au, ccD^teB-tj-^ hc^aet^ST?**Bi 

[ 0 0 3 1 ] z M^O. 15^^x.^ <1*>tiLm 

^0.7 I^THT^ot, m j f--r^->?M^fe^^chtT 

-t#C<i:tZ, z fii*«0.2(fip-&, yl=0) , O^OMg 
(Bl/E-^) *«^±fcCo (B2HT) ^a4ft**lfc4 7C^(D 
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[ 0 0 3 2 ] ifECDSiC&UT^f £ L ^ & ft CD ii 9 
T$>£„ Ln = La, Nd * tz H £ ft b co/g^ife, »£La, A 
= Sr, Bl = Mg, B2=.Co> x=0.l0-0.25, 4# tC 0 . 17 — 0 . 
22. y = O-0.17, &f;:0. 09 — 0. 13, y+z=0.10-0. 
25, i#lC0. 15-0. 20o 

[ 0 0 3 3 ] ziit S^BMb»-f *->e»tt 

1*^**0.7 #£L<(40.9 &±J £ft:3&«c0;le 

^T©ij^<^>fe^^i:LT«$t^i^, z = 
0.02-0.15, ^FtCO.07-0. 101:&£ C ttfftl£ — 

z fitfiO. 15< z £0. 3 T&D, &£L<(20.15<z 
^0. 25T&S, 

[ 0 0 3 4] *^BJ©lffIitIC^oTH, Ln = La, 
A=Sr, B 1 =Mg, B2 = Fe, x = 0.1-0.3 , y = 0.025 
-0.29, z=0.01-0.15, y + z = 0.035-0.3 T* 

bps, ^(omitm^ *>B,mw&* &(D<2>3:T*fRz 
ft£, 

[ 0 0 3 5 ] 

La, . , Sr , Ga, . , . , Mg , Fe , O, • • • <2> 
it*, x = 0.1-0.3 ; y = 0.025 -0.29 ; z =0. 01 - 
0.15; y 4- z = 0. 035-0. 3 . 

[0036] o>^x^zn%Mitm^ *>fcmm$. m 
<Dmm,fcm&\zte. mmmftf£T-?t>?fr\zpm¥m& 

7^1?^-T6 1-10" atra <bfc^Mmftf£ (IP 

W7iftmmm.fr zmit&mmmizR&mm ft je> 
£M#fc< sew *>&mz^is. mmizm§5.&m&*> 

£ ft£„ 

[ 0 0 3 7 ] m 6 (C, La,. .Sr,. ,Ga,. .Mg,. ,0iT?a*2ft 
ZttM 4 7C^1B^K{b0J<0Mg(0-a ^FeTli L 5 tc 
S**£&fbfcl (ip-£, La,.,Sr,. ,Ga,.,Mg,.,. 1 Fc. 0 3 ) 
Ol^^iil (950 1C, &ift#jE = 10 s atra) ^ito 
£ <0 0 rt» €> ri> «fc 5 K . z = 0 (Dttm 4 TC^ft^SMb 
#3 (I it ^ T , Mg©-g&£FeTi§&ir£ <t-«Sfc:m»e* 
tta*»<fc0, mmeWitttz =0.01-0. 05©«HT«f 

tcs< , z =0, 03ttiaT»ss«fc:ii'r 5 £ ta^^s. 

[ 0 0 3 8 ] HI 7 (a) te, La. . , Sr, . i Ga, . . Mg, . i . , Fe, 
0, (z=0.03, 0.05, 0.1 , 0. 1 5) T^£ft£<2)j£T^ 

$ ns 57c^^^^ft^<j:, z = o <d 47cmm&m<k%i 

7(b) (4(2) ST z =0.030 5 TtmtiL&WHtmtzmmitG 

to©^&^te<o&&#ffitt#tt£^ft^ft^-r. -co 
H a* 5 ;b a» s J; 5 tc . :©5 7c^^^^^^t4rz:^tM^ 
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0.9 W±©SSlWt>M«^tCt^t>^5. 
[ 0 0 3 9 ] ftoT, CCO 57C^«^»^b*«, 

[ 0 0 4 0 ] ±|H©S(C*5liT$ff * Ll>&f&te.&CDilD 
10 x=0. 15-0.25, ft\Z0. 17-0. 22, y -0. 09- 

0.24, fcHCO. 10 — 0. 20, z =0.01-0.05, <8(Ci&0.03, 
y + z =0. 10-0. 25, 4#iC0. 15-0. 22. 

[0041] *mR<DMfcm^ *yfcmm-x. fcftitm 
<D&m{tfy<D®K&mfc<Dm£m&T~ & < mg vrzus 

(c, «rit*fc^»*LTfl6{t:«ifc«:slriB«K <0*K 
^^(4i 200 < cw±, < tti 300t:e4±T* o , 

t>«tVi. C ^ ^ ^ (i , 500- 1 300 < CT 1 — 

lOB^pg^KJO^TSClifC J;0*aST€4. ^<l^^b 

[ 0 0 4 2 ] *^c08£4b^-r t>fi^O^^. yfil 
30 ^0. 025 K±T, z fl#0. ISiiCTcO 5 tc^cO =b co 

(4, €ae*tt*c*5iiTHi{btt-r*>e*tt**^gEW 

^^^occo^co^fb^i-r ^->e^^n, 
^•y^mft^^itv^n-r os< , ^ m ~c t> 

40 [004 3] ysz <n&ot&Wiikm4*>fcmft<D&mft 
ib#j^ (@&mfl?fs^) (sofc) 

(^J, Sr^WLaMnO,) , iS^^IB (T7-K) (C(4Ni^co 

ysz ©esetta*(£ja-cte(£^;i(fci:, looor^ia 

50 3yi^l/-y 3 XCcfc^^^^^Oti^^pJ^i^^ 
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[ 0 0 4 4] SOFCram#H©£in;»fcJ;S*ffiRT#;* 
YSZ «30-50/imS*©»IK-e«ffi$nTtiS. 

J£IJP30MmJPtD^JBlYSZ Tf^Kj^lOOOt 

tctstj-snfflw^ai^aBfttt* 0.35 i/cVi«t«s$ 

6DYSZ li^MLfcfMM^^nTt^^, -CD 
[ 0 0 4 5 ] *»^©57C^^Dyx*< h^Klk*^ 

5&5&*^&ffc«^*>fc*#«, ysz xomitwi 

MA&mZO.S mm ( = 500 jam) £ ^ 5 ^^^T^^ nj 
IB<DYSZ ^^J: DiBViai*Sf§5 - £^T^£„ :©i 

£©g*ajas&ana, ufg^-omm^igT-ttiz &r> x *> 

30xz mJPCDYSZ ffl t^fcSOFC <h Jfc^T, 

jssjeizoo umom-cm^m-i* boo *c&ul7oo Tct 

ti-5teiSfC*5ViT, 30u mJPCDYSZ K^IOOOr "Cf&m *? 
[ 0 0 4 6 ] *^W©K^4lJ-f 3T>fe#flc*S0FC©«» 

&mxzz>. 

tO 0 4 7 ] 4£W}Umi> i M?L& 600- 700 "C£«<T 

^iwilSftiiSi: LT0x*;i^-*»fiJffl£|igi3M;:jg 
Cit, S0FC©5g«S&*tt-ttiSi:(£TL&^. 

ysz -ca, £©J;5fcfcffirfei&3i*SS0FC£«®-r<5 
S0FC£f8§gf3 r <h7^#£<h&£o 
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[ 0 0 4 8 ] &iz±m<z>j£x^znz> syt^m^mikty) 
tts^Tiaa^ffl^jfc^fcaiK 600-700 "CfcusjfcR 

<OiajKC*5tiT J foS0FC©H»K<i: br + »c««6-r^>. 

^ot, i^ii lx c<Dmitym->fcm&*mifcL 

[ 0 0 4 9] ftji£LfcJ;5 *%m<D 57tm&&M4t 

10 ttti, ysz Kft^T&fbtt-f *>e»tt ^^stc^urc 

ifiKfaiiL. L^feYSZ £11#?iS <tT£i§£rJ; Ofk*tti 
[ 0 0 5 0 ] ^^B^(» 57C^(7)gtfb^<^>^^^^m 

$Sn, . s . . . , Sr.. , . 1. s Co0 3 rt> £ , j&ttffi £Ni 6 tt 

20 ii±L, 800 IC-Cfel.S W/cm 1 £ fi A * * H » tfi # * 

^ensct. 6oo Tcsfctt-tne^T^^^i^sfcti^pj 

[ 0 0 5 1 ] YSZ ©I^Tifc^fftffl^liglSt > 

r i: A* prig t «CS. @*«»HKiR-t>1J— tt, ^^^f 
[ 0 0 5 2 ] YSZ A^^^^^ir >1t-(i. It^W^^ 

«>, 600 xzu±<DMuxLf}^>^-^mmx^T. m 

a*5K«fc#»9i<o 57c^co^fb^< ^>ew# (y^ 
0.025 , zso.is, ±iB0^-r^^n^ =b(^> t>-str) 

tt, YSZ J: D^^^^b^-f ^->fe^^^^-r^T, /fx 

[ 0 0 5 3 ] Kffc^<^>e«Ett*«^fiBW-C*S*fS^ 
50 CO hjt%<Dm.\\Lm^ *>fcmfc (y^O- 02 5 , z^O.l 



( 7 ) 

1 1 

m#>7mmmftmmt Lx&mmxzz. mum** 
mfrZELttmomiz i jjfaizmnz & o jcft*. <rn# 

[ 0 0 5 4 ] £©«fcSft«3t#fliffina. WAtf^/HlK 

[ 0 0 5 5 ] s/t. if-^rt>i^e^ >r 

X#>f hSJ&fl;fcK*->£»# (z>0.15) fct, K^JC 

LfcS0FC©£ft«<B#»fc»bTi3g, £fl&©4>ft< 20 
[ 0 0 5 6 ] S0FC©SA¥f|£, 8&aiLfcKft«K 

5 7C^**^ ((D^ty ^0.025 . z^0.15, & 

tc z so. io-e&* *>©, ±fe<z>s£-r^£n* 

fc^ft£^T*fg0^©5/47c2&*#f4 «D^Tz>O.I5 
S0FC©tt«j&*[6j±-r*. 30 

[0057] c(D&&mL<mw-?z> tae^fcosoFCT 

Atf. «#K#YSZ Tf, £««W:La<Sr)CoO,] . d©Jf 

its. iii^^i^i^iiDW^^ei^^^, 

#ffiB©£l*#«lH£ft, #®&ta#'h£ < ftSo 

[ 0 0 5 8 ] ^©S^xCDF^IitClJD^T, tilt^Ii 
A*»ffico»»-C**«^fCtt, ffi#©a&l$5li*a*Sft3 40 
fc«>* #iafip^P*ffi^fcJjpt)-5j!ftjE£;^A^€r < ft*. d 

[ 0 0 5 9 ] ±g3<Q#®&ffi^&JiE;*jtt. mfl?f£££fC 

[0060] «5«eti, ±mvtzj: o izvtxj: o mmz 
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(1) Ni<h, (2) -#5£ : Ce, C. O, <i£ 
CteSn, Gd, Y 33 J; £/Ca© 1 St) L < li2SJil±$: 
jtSfcL, m = 0.05 — 0.4)T^£ft*ft^&£*»6ft**> 
©T&3o ffiSwW'&tt. (1) : (2) ©#«Jt#95 : 5 
- 20 : 80©«irtT*«»Ci:WibU. <fc 0 » * K 
fimfitrt* 0.1— (0 : (2) ©#«Jfcj&*90 : 1 
0-40 : 60T-&&. 

[0061] soFc©«ittt#fc«iE£*i-$\ pms-rfc 

(iMiii)tI/>^^Ili:, JIM J*T 

f:MIt^6„ PmsJtoJf^Ktt. R1ti©rt££<h*Vg& 

&£n& 0 c©>f — zn*>*£±SB© 3 S©«B« 

[ 0 0 6 2 ] SOFC©«ffijEJfc-C»i$<tft*KJ&© — ^> 
1/20, + 2e~ — O" 

©fe«>, win ±fa© 3 ji ^i£^£¥&-eteft < . ft 
[ 0 0 6 3 ] *&w<Dftmmmtz&\,*x\** m s tc^-r 

iiltl^CWI^ (HI'S, ^^©^^^J-f ^->fe^^) 

n^--r *>m&Bm&**'tttm (z>o.is) 
rem* <d%l7-\*. ffi*©sft«t*»©«fc'5ft, ^^^m 
[ 0 0 6 4 ] c<D*otf.mm\** nmmm<D%iffiiz$ir 

^®lZ<fc 0 «JHBft«^feiS«c«l[^ft(*3&$1i-, ^ftfrt* 
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13 

[ 0 0 6 5 ] «*©£fl«CD»£m, La(Sr)Co0,, La(S 

r)Hno, ti^fesfttaae^jsw/j: m->mm 

Mn^&<tfo4*>&&9&ts£tf-C£te\,*. t<Dtz 
fldo»®IHld!i«(i«»K»»^€»»*L t 

soFc©aja<zn£T**fi;i*. mtm-i 
*>zT&&tsrz®izmMnmtfQ%tmLT^%>&^& 

KK»tf*««S#&3S<fcfc*J&<. ^ *§ £ lc ^ O £ 20 

m m^tfi a x toiiii \z *# l, t ©fit t. & % , 

[0066] cntcttb, *»^©S^ffiO*f»tt< * 

*<nm m & mtm^ * > \z -f * xt-r * c £ € 

© DDfigB iC $ it S IB * <7) £ «5fe ©S^fcSStt <Z> 

mtfmmttiizmjzL* £^;«©$*«a«BfrihT 
mmz&Q&&mmft&&t)-2T^Lmntzmtiz. * 

«J (O CD t£b^5 <o« @ tc (*# $ 5 . 
[ 0 0 6 7 ] ± SB O J: -5 Ni <hir 'J 40 

*^g#f|c-Tf*4Ni^^«j5K"r5. Cvmi&lz&Q * J: 

mitm^ ^->©saf b^fr^n. ^hoh,o 
[0068] m^-< *>*g££$iS:£^-r#$E9a©& 
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£&Lft< &£. 

[0 0 6 9 ] cco^x^imsm, mm&ftox-te<. m 
mxmtm-i *>m&\zmtfx% , iti^Ki*t&o 

5 C NOi co^^ 

[0070] ^coft&, *^w<z)»^*< ^->e*#Ji, 

[ 0 0 7 1 ] 

[^Sg^] (SSJSeiJ 1 )La,0, > SrCO, . Ga r 0, , MgO , 
U ^^IdCoO, FejO,, Ni,0 a , CuO, Mn0 a ^ A,^:^^ 
&JK&fl:tel0>&»5|c£, La,, i Sr,., Ga. . . Mg, . , M 

... o, (Mfa^#&JH) ^^*r^#J^-rSB^L, £<U 

Dim (Dt* X^^tCJE^^J^L, fig^^^rlSOOt: 

[00723 '&zntcM&ft<»n%fcmm±. y"**? 

^-Xh^^^bfc^> 6^H^I*^bT950 — 1 200t: 

l^i^f SCiCctO^^fcc ^^^JE(D|^^ti, 0, 
— Ni , CO-CO: , H!-Hr0 X£ffl^TfT^>£:. 

[ 0 0 7 3 ] ^J^J^^^0 2 *5J: Ell OK Bl 2 

«, K*»flE^-ft (10 s atn) ia^^^<b^-a:Ac 
^^com^fe^^ (feil07l/-^xyD7h) 
t. @10^. fflKA«-« (950 *C) X, &mftl£&^it 

its ^ <ha*fr*>£. 

[ 0 0 7 4 ] |g|10^^(i. S^^M^Ni. Cu^fcfiMnT 
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[ 0 0 7 5 3 a#&Ka*CoT&S{t£&*c:P^T, *f * 

[ 0 0 7 6 ] (^JS^J 2 ) HlJ6#J 1 tlMfilt IT, La 
,., Sr.., Ga,. ( Mg 0 ., is Co, . , • * 0,OiH^^f)^^ 

[0077] (mmm 3) mmm i tRiicir, La 

,-, Sr, Ga..i Mg,., is Co 0 . » « s 0, x = 0. 05. 0. I 20' 

, 0.15, 0.2 , 0. 2$&fZ\ZQ.Z)Q>titm{t&*>fcZ>8L{£ 

tTMfiiaSi^lfc. 950 'CtC^tt* x<Oitt 
^^^14 £<7>^£(S 3 K^T. ^©71/--)^^ 
Oyh (R^BEIO' 1 a to) tfi*»JEtt#tt (^£95 

0 TC) S-ttl-t'tlHlZCa) * <£tf(b) tC^"T„ K3t#ffi 

s. 

[0078] mmm4)mm^\ ui^icLT. La,... 

Sr,., Ga,,.,.,, Mg, Co, 0 3 (^^K y + z=0.05, 0. 30 

1 , 0. 15, 0. 2 , 0. 25£itti0. 3 . y : z =1 1. 5 : 8. 5) 

**T««e»fl^^:*>*A*£fl!l5£Ljfc. (y + 
10~ s atm)£^ 4 (c) K^T. 950 "C K *3 tt £ (y + z) 

h <Dm&%m 4 (b) ktf-t. 

[ 0 0 7 9 ] (H*S#J 5)*5g0iJ ltl^ftlCbT, U.. , 
A,., Ga, Bl,., Co.., 0 3 & 5 & fife T , Liu A, Bl 

~ s atou 950 "CT<0«»e3ll£ (o/Scn") \t^(DM 

[ 0 0 8 0 ] (DLn,., Sr,., Ga, . . Mg, . , Co,., O, 
Ln = La : 0. 53 
= Pr : 0. 49 
= Nd : 0. 36 
= Ce : 0. 08 
= Sm : 0.05 

©Lai.s A#., Ga,.. Mg, . , Co,., Oj 50 
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A = Sr : 0. 53 
= Ca : 0. 24 
=Ba : 0.22 

©La,., Sr.., Ga,.i Blo.i Co,., Oi 
Bl = A I : 0. 12 
= Mg : 0. 53 
= In : 0. 23 

(^MM6)mMm 1 tm%k\ZLX. La,. .Sr.. ,Ga.. .Mg 
..i-.Fe. 0 3 (z = O^0.2)©*tt#J&>6fcS»ftfc-f 

*>fcm&zftmvfc 0 ft5n&«*s#<z>*sii#*is«:x 
[0081] comitm-i *>fcmfr<Dumvso tc, eg 

3t#JEl0" s atm£43tt*m&fc«tt©W£*S*te, [3 6 

o.oi-o. i5©tfifflrto«-&tci«E^mfteaiitt^f# en* 

^n0 7(a) *5ctrX(b) (C^Lfcil 0 commit 
[ 0 0 8 2 ] 

^^tc^ntf, ft5fe<Dtt3e6«ittHfe{b& 
-Y feiS # "Fife* 3c 5£*b 5^:3 - 7 <fc OWti£&l<*> 

b^47c^^^r^<b^tcit^T : b, K^b^-f^>e^tt 
[ 0 0 8 3 ] * >mmt>*m^*f&m<o&itV3<i ^->fe 

**-fe>-y— >lt-, &J;tfH 

^it«ii4?>yfflii^iitiTtiT^D, fie 
±aa®ST?^$n*K<btt-f *>a^#tt. j^^iafttB 

[ 0 0 8 4 ] m^-^r ^->^^e^tt^^T^fg 



17 

<h LT$a?c&ffim'?z> Rm&tiit>*tfL'p'rz>itit>* so 

FC©KfctJ2Mfc;£S£ c <trt*T££. 

[01] ffi*(Oft««fc«ft«K*>£»fle£. La,..S 
r, . ,Ga,. .Mg.. , 0, &*3ajG££ft^ 4 jclfc <E> 

[03] #* Clefts SK&tiL&m<k®fr*>t£&miK$!i 
<i *>fcmft<DAV-t b<D H-^IM^T^^ AM 1 ? (S 

[04] 04(a) ^gjKflSS 5 tc « £ BUb «> 

IPS, BllS^- + B2JK^©^tMST-it (y + z, <SL 
y : z =11.5 : 8. 5) £ , llfiift £ O £ ^ 7 

14(b) tt, (y + z) fi£ 

d:0ii$^-r^77T$)O, El 4(c) fi, R±, 

& (y + z) m*^?& SKmm&mitvofrzuz&it 
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[05] *5&wizmz> 5 / 4 Tt&m&mikfafrzu&m. 
jht^^b2^^coiij^ (zM) hmm.fcmi±& <tr/< 

[06] La,. ,Sr, . ,Ga,. ,Mg,. Fe, 0, T?^ 3 ft* 

i£itt,<£>m^£*lte (950 tl, &^f#/£ = lO s atn) £ 
z fitC^LT^-r tf? ^T^^o 
[07] La,. ,Sr».iGa,. »Mg,. ,.,Fe, 0, £ ft £ 

10 tmtc*5ttSiB#*fl:<a> £950 "C *3 1* ■& & * # IE 0g # 
13= (b) 

[08] «ffiDDCi€ra^fcH*Kft«ffl«»»»<D-fe;i/ 
#f i£coJi5£i$BfT®0-C&£o 

[0 10] 57C^a^BI^4feA^^Sig^ 

[01 1] *^lc^£S»J<Z) 5 7cJ61£^Kffc#ia>Sft:S 

20 mitm-i *>fcm&<Dmm.fcm&<Du&%£itiB-T?^7 

[01 2] *%^fc^S»ja>57C^a^Kffctt^€>feS 



i ] 



0.0 



CO 




o.a 



Bi t O|-Z5fioUrYtO a 
La n . iSr.. rCao. »Ug*. 1O3 

CeO,-SnolXY,03 
CeO,-lOmolJKaO 



lrt)t-lS*ol5ECaO 



1.0 L3 

1000/ T/K" 1 



00 



p .1.0 



\ 



-2.0 



-3.0 



[0 2 ] 




F 


™ T • 1 


Lai. ■6ro. 


>Ga*. tUga. 




- M- * 


Ni 




O 


Co 




m 


Mn 




□ 


Fe 




• 


Cu 




A 


J 


J 1 . 1 



0.7 



0.9 



1.1 

1000/T/K-' 



1.3 



[0 8 ] 




■tt* 



( 11 ) 



11-335164 



[S3] 




[0 5] 



o.ozr 



-O.L 



-0.2 ' 



-0.3 



•0.4 



-0.5 




z fi 



14] 




(a) **-o.bo 

D 



L ^.i s 'oj a W<) k '«, c '« 0 » 



t>9 



0 0.03 0.1 0.16 0.2 0.28 D.3 0.36 
-B—^SZ 



(b) 



5*8 

5*7 



o «.cur o,to e.tS s,» c2$ s.5P 



it) 



5 



U *«"W ,i kiW , V l V>» 
y:x-113:U 




» 1.1 1> 

jotw/T etc; 



[0 6] [®9] 




( 12 ) 



1 1 - 3 3 5 1 & 4 



[0 7] 



im i o ] 



■ i — ■ — i — ■ — i — ■ — r- 




. — T2~~ 

1 0 00/T (K) 



-0.2 



-0.3 



s 



-0.4 



-0.5 



a □ 
o 



a 

o o 



a D □ 

O oo 



-lb ; 

log P©2 c*<*) 

[111] 



-1 



- 1 



0.8 0.9 1 1.1 1.2 1-3 
(1/K) °" 



\ 

t5 



G 



-0.2 



-0.< 



-1.0 



1.2 




Lag. iSr». sCa^ ,fclBc. ill*. -iOs 



^25 -20 -16 -10 *5 0 
toa( Pot/aliO 



[012] 



10 



r 




- --■ 1 



0,9 9.9 1 1.1 t.e 1.3 
C1/K) ^ 



Cb) ^ 




(51) Int. CI . 

H01M 8/12 



F I 

HO 1 M 8/12 



